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1. Introduction

Recently there have been several experiments study ofikeddecays of vector mesons. So
collaborations NA 60 [1]-[3] and KLOE-2 [4], were measurealisition form factors in the reaction
w — 11y, @ — ny and evaluated the relevant constant decay. In [5] in thetiadidecayp — my
are studied deposits pions in section decays of vector rsemod received the necessary width
radiative decay.

The theoretical description of the hadron structure andadhios of their interaction is used,
as a rule, the so-called quantum chromodynamics (QCD),mdiies the quantitative description
processes only at high energies. Therefore, for considaratlated hadronic states have to use
different phenomenological models, for example [6]-[9heDf the the most frequently used is the
composite quark model, however, in a theoretical desoriptif the processes within the the model
arises the problem of constructing the operator of elecuigmatic current transition given the con-
ditions of the Lorentz covariance and conservation. N&farahis model, impulse approximation
violates these conditions. For example, in the framewoduaintum field theory are obtained ana-
lytical expressions for the transition form factors of mestheoretical curves of [10]-[11], analysis
of which conclusion can be made about the difference refuitform factors in the different ap-
proaches in describing one and the same process. Perhagsados for such a difference is the
difference in the the procedure of constructing the matiexnent of the electromagnetic current.
Thus, the exploration of methodologies for the descriptibbound states is not lose its relevance
in the present.

In this paper, in describing the proces$es- Py approach is used, the PIKM, implemented
in three main forms: a point, instant form and dynamics orligig front, [12].

Proposed in this study differs to build procedure the ojperat the electromagnetic current
[13]. This procedure allows to select from the matrix eletradrihe operator in any tensor dimen-
sion of the matrix elements (form factors), which are thairants of the transformation of the
Poincare group. It is worth noting that the constructionrmbaerator current is carried in a mod-
ified relativistic momentum approximation (MIP), which doeot lead to a breakdown of Lorentz
- covariance and conservation. The build procedure thexreément of the current transition for
the case of a diagonal on the full angular moment was suadlseted in the study of electro-
magnetic structure of peony and deuteron, including asrge Imomentum transfer [14]-[16].

The presentation of this method is in the instant form of dyica for example, the descrip-
tion of radiation transitionp — ry. For the first time when building the matrix element of the
electromagnetic current transition for this process inNHB used non-digional parameterization
[17].

2. Construction of the operator of the electromagnetic current of thetransition to a
system of noninteracting particles

In this paper, we consider the electromagnetic currenesysitf two noninteracting particles.
State vector of the one of a free particle in the instant foldiMPcan be represented as follows:

[B:M, j,m). (2.1)
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In accordance with the General principles of quantum mechkarector the status of two free
particles with moment#@y, P, and projections of spinsy, m, on the axis of quantization in their
systems of peace in the instant form of dynamics is consgtduas a direct the product of the state
vectors of individual particles:

|P1, M} P2, Mp) = |P1, M) @ P2, M) (2.2)
For the state vectors of (2.2) adopt the normalization:
(P, mlpy’,m) = 2pod(P1— 1) O (2.3)

||3a \/éa‘])L)Sam> ) (24)

hereP = p1 + pb, /S - invariant mass of the system of two free particlesorbital system center
inertia (SCI),Sis the total spin in the SCI.
State vector of (2.4) normalized as follows:

<|3’ \/5’\]’ L) Sa m“?),a \/g)‘]a L,) S’, rr{> = Né(ﬁ - IES,)5(\/5_ \/g)émm(SLL’(SSS ) (25)

whereN is the standardization constant, the explicit form of which used.
Bases of (2.2) and (2.4) linked decomposition Clebsch-&ormbefficients for the Poincare

group:

d3py [ d3p, =
&R ﬁ!pl,ml;pz,mz%

P,v/s,J,L,Sm) = /
PV aLSm fTthz 2p10.) 2p20

'<ﬁlaml; ﬁZ)mZHE;a \/éa‘])l—)sam> ) (26)

where

(P1,my; P2, Mp|P, /5, 3,1, S m) = 21/5A (s, M2, M3)] ~Y/2.

2RB(P—pr—p2)- Y DHZ, (p1.P)DHZ, (pe.P)- (120 1/ 2| Sm)
M,y

A(a,b,c) = (% +b?+ 2 — 2(ab+ac+ be).

In the expression (2.7) expansion in spherical harmonidstiae summation over the angular
moments is in the SCI and the result then "shifts" in an ahjtsystem througb®- functions [17].

To build the matrix element of the electromagnetic curréete is a procedure of canonical
parametrization [17]. The matrix element of the currentespnts the sum of items, each of which
is a product of the covariant and invariant States. Covapgart of such representations the matrix
element describes his transformation (geometric) pr@serand all dynamic information about
transition described by the data of the current operatagrigained in invariant section - the matrix
elements or the form. As an illustration of this techniquensider the first, the parametrization of
the matrix element of the current of a diagonal on the fullldagmoment of [15].
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Lorentz-covariant properties of the matrix element willdescribed three 4-vectors and one
pseudo vector:

KL =(P+ P')u, Ky=(P— P’)“, Ry = syv)\pPVP/\ PP, THP), (2.8)
E4vap - antisymmetric tensor of the fourth rarfk' (P’) - operator relativistic spin [15]:

—»

rOP) = (B, F(P)=Val+ - )

Po+ /s’

Linearly independent matrices is projected full momentribenber of movements in initial
and final States are built from vectd?g andl" (P’) ,:

—V9IP(I+1).

DJ(R|:,/)(|:;“ru(|:>’))”7 n=0,12.,2]. (2.9)

When additional conditions conservation parity, saveantras well as the mutual orthogonality
vectors, parametrization of the matrix element takes theviong form:

(P.v/5,3,L,Smj%(0)|P, Vs L', S, ) =

= 5 Diym(m| i{FkL“SSAws, Q@,8)} ¢ In) (2.10)
m k=1

1
AL = QZ[(s I+ Q)P+ (S —s+ Q)P ]

K= {TuP) - ok [ (Vo VI + EEEER 4 E S e+ VEP+ A BT @) .

3
A= gR,l.

Note that in the expression (2.10) the matrix elements oirtverriant form factors depend on
additional invariant values df,L’,S S - invariant parameters of the degeneration of the problem
(2.4):

/ 2 _
FkL7L SS _ ZO kar;L 738(37 Q.8 (iP,TH(P))". (2.11)
n=

Consider now the parametrization of the matrix element efdiwrrent, non-digional full angular
moment:

(P,v/5,,L,sm|j9(0)|F,vs,JL',8,n) (2.12)

In the matrix element (2.12) own moments.bfindJ’ different that excludes the possibility of
constructing operator spin relativistic, (diagonal on the back) and, thus, using the technique
discussed above.

For the invariant parametrization of the matrix element2f2) make the Lorentz transfor-
mation from the initial (laboratory) system coordinatedigit system (BS):

P=(P.,d), P=(R—-d, d=(000), K;=(VK20,00), (2.13)
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§- dimensional vector, module which has the following form:

0= /A (MZ,M3,Q2)/[B(M2 + M2) +4Q2.
In case of equality of vectorg, andP,’l (BS) enters (SCI):

(P.v/5,3,L,Smj%(0)|P, Vs, S, ) = ZD (P.w)D;s (P, w) -

{(B,V/5,9,L,SM%(0)|P, VS, I, S,m) (2.14)

wherew,, = K;,/v'K? is a 4-speed corresponding to the specified transform Larent
Feasible standard transition to the canonical basis [17]:

j500) =assj5(0), 6=1,23;, 0=1,23. (2.15)
-1 0 1

a5 = %’T i 0 i (2.16)
0 V2 0

Full parametrization of the matrix element of (2.12) looks following follows:

(B,v53,L,Smjo(0)|P,vs,JU,S,m) = 5 Dpm(P.W)Dpy (Pw)

Y, mv’ A
IRV IR Yy (9,9) -G (s,8,QP) (2.17)
(B,VsILSmz (0P, Vs, JU.S,m)= S Dn(Pw)Dpys (Pw)-
Uy moAp
(I ap|IM) - (16VA|up) Yy a(9,)-Gyy*(s.9.Q?) . (2.18)

Note that the zero component of the transformed veft00) is the four-dimensional scalar and
three-dimensional the components of the vector formnsittin the momenturk’.

Now let's apply this procedure non-digional parameteriafl7] for a description of radia-
tion transitionp — ry. In the composite quark model afandp meson seems related condition
u andd with guantum numbers of quarks= L = S= 0 for peony andl = S=1,L =0 forp -
meson respectively. We assume that the masses of the quarkseasameV, = My = M, then
the matrix element of the operator the electromagneticectirof the free two-partial system data
guantum numbers will be written as:

_ . _ d3ﬁ1 d352 d3ﬁ1/ d3ﬁ2/
P,v/s %0 P’,\/§,1,o,1,m _—/ / / .
< \/—““( ) ) 2p10J 2p20 2p’10 2p’20

(P, /S|P, my; P2, Mg) - (P, my; P, e j5(0) | P, ml; 92, ) -
(P, mh; 2 mp| P v/S,1,0,1,mT) (2.19)
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where

<ﬁla my; 52,m2|12(0)| ﬁl,a rr(l’ ﬁzla né> = <ﬁ1,m1|j2_1(0)|ﬁ1/,rm_> .
-3(P2 = P2) - Srpm, + (P2, M2 2(0)[ P2, ) - 8(PL — Pir’) - Sy, - (2.20)

Using the parametrization [13], we obtain the expressiothi® single-particle matrix element
of the current:

(P, mu[j%(0) Py, ) = ;D”Z (R(p1)) (M| F10(QA)Ky +ifso(@)Ry]IM) ,  (2.21)

heref1o(Q?) and f30(Q?) have a sense of electrical and magnetic particle formfactespectively,
Ku=Pu+Pu  Ru=Euapht p;,2 TP(p}). Clebsch-Gordan coefficients are defined as follows:

_, R R 1 B
(P, \/3|p1,My; P, Mp) = 2¢/S—==|[A (s,M? M?)] /2.

VAT
2Ro3(P—p1—P2)- Y Dy, (R(PL)) D, (R(P2)) - (1/21Mi1/ 211 00) . (2.22)
mmp
(P v/5,1,0,1,m| py/, mh; ', ) = 2\/57[ CRVEN o
2Pb8(P' — Py~ p) ZD”Z '))Dpy (ROPR)) - (120111 217 1rmi)
(1m00/1nT) . (2.23)

Using non-digional parameterization [17] matrix item @t in the basis of (2.4) can be repre-
sented as:

<|37 \/5‘ j~0(0)“3/7\/§7 1707 1,|T{> = z ng(PvW)D%“(ﬁ“((P/vW) !

Y v A
(AN |Of) - Yy (9,9) - G (55, QP) (2.24)
P.vaGO0P,Vs,1,0,L,m) = F  DGn(Pw)Dysy (P, w)-
Uy mo.Ap
{(1ri{ op|Of) - (LoVA |p) - Y2 (9,8) - Ggy (5.8, Q%) . (2.25)

Equating expressions (2.19) and (2.24) - (2.25) with theoaet of (2.15)-(2.16) and (2.20)-
(2.21)by integration in the systeﬁ( =0,P= (0,0,P), we obtain analytical expressions for the
free two-particle formfactors.

V2:0(s, Q% 5)(s+5 + QA)? _
2\/s— AM2\/S — AM2\/AM2 + Q?[A (s, —Q2, 8] 1/2

Cits %.9) -
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g(s —s+3Q?)
[A(s,—Q?,9)]Y/?
SI_S_QZ) E(S)S,an)
s+9+Q?) V9

_ ™M
(s+9+Q?)

cod(r 1 @)/2 [ (G (@) + G&)@Z)} T

sinf(1+ )2 [E (Gl (@) + G, <Q2>>] -

sin{(c + w)/2) [E (55,Q) (GE<Q2>+G§<Q2>>} | (2.26)

V2 TO(s, @, 8)(s+5 + @) .
2V/s—4M2\/S — AM2\/AM2 + Q2[A (s, —Q2,5)]2/2

Goi(s, Q% 9) =

cog(wr+)/2] [M-[A (s~ §)[V2(GL(QP) + GE)(QP)| +

E (S’S,’ QZ)A (S’ _QZ’S,)
S(s+9+Q?)

sinl(o + w)/2) [ (Gl (@) + Gy <Q2>] , (2.27)

CH(s Q28) = V2 95 Q8)(s+ + Q) |
2V/s—4M2\/S — 4M2\/4M2 + Q2[A (s, —Q2,5)]1/2

sin[(awy + wp) /2] [\/—23'(8|\/|2 TS+ Q%1 (s+ Q221 S2)3A (s, _QZ’SI)]l/Zl

8s
(Gh(Q) +G(Q) +
2 _
roi(an+ /2] M2 ST G + )| +

+cos(w; + wp) /2]

[(5+ Q%2 =57 (s+5+Q%) +[A(s —Q%8)]*?
(s+9+Q?)

(G (@) +GH (@) +

M- [(s+@)*—s?]

VS[A(s, —Q?,9))1/2

roos(en+ w2 (6@ +6d(@)|. (2.28)
101/c O2 o _ O(s,Q*8)(s+5 + Q) _
Cor (8Q"s) = 2v/5— dM2\/S — 4M2,/AM2 + QZ[A (s, —Q?,§)]1/2

£(ss,Q)
S+ +Q?

(s+ Q)2 =57 (s+5+ Q) +[A (s —Q%9)] 2
(s+5+Q?)

sinl(en + @2)/2) {M (GE(@) + G‘é(QZ))} -

—cog(w + ap)/2

(G (Q) +GH (@) -
M- [(s+Q?)%— 7
VIIA(s —Q2,9)]1/2

~cod(an + w)/2) [ -(GE(Q2)+GE(Q2))] , (2.29)

7
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where:
0(5Q%8) =9 —5)—-3(s — %),

L

o2
S12 =2M +2M2

1
2 2\ (e 9N 2 2(02 2 _ AM?2
(2M?+ Q2)(s— 2M2) F 5/ Q2(Q2 +AM2)s(s— 4M2),
3 is a step function.

E(S)S,a Qz) = \/8ng - MZA (S) QZ’S/)’

§(s9,Q%
M[(v/5+ V)2 + Q% + v/s3(v/5+ VS)

£(s,8,Q°)(2M +/5+VS)
M(s+9 +Q?)(2M + /5+ V) + V/s$(4M2 + Q?)’

Gwm(Q?) and(Gg(Q?) - magnetic and electric form factors, which are expressesinage-particle
following [15]:

wy = arctan

wp = arctan

f10(Q?) = J%WGE@Z), f30(Q?) = —mw(@z) . (2:30)
Ge(Q%) =eqfg(Q?), Gm(Q?) = (eg+kg) fq(Q%), (2.31)

wheregy is the charge of the quark masgg,- anomalous magnetic moment quark in natural units.
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